periodontally involved teeth together using self-cured acrylic resin . The applic ation of this appliance to replace missing teeth was quickly s een , 7 sp aw n in g t he first resinretained bridge, the Rochette bridge ( Figure 2 ). The main disadvantages of this type of bridge were the limited retention provided by the composite retained metal, the thickening of the metal retainers required to compensate for the weakening effect of the perforations, and the wear of the resin cement. 8 Other forms of retention have included:
Macro-mechanical retention.
Mesh retention. 9 This technique used a mesh within a solid ret aine r. The reten tive area was less than the fit surface area, because the mesh was sealed at
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Resin-retained bridges have been used clinically since the 1970s, and offer a more conse rvati ve approach to the restoration of edentulous spaces than conventional bridgework. They are easy to place, cheap to fabricate and have been shown to be cost effective. D espite this, they are not f requentl y used in genera l dental pra ctice a nd they have an undeserved reputati on for failure. Since their initial introduction, they have undergone a number of changes to their method of retention, and the materials used in their constructi on. This has resulted in a predictable, aesthetic restora tion which, barring the use of implants, is often the treatment of choice whe re teeth adjacent to an edentulous space are minimally or not restored.
This first article details the history, advantages, indications, and designs of resin-retained bridges.
Figu re 1 A resin-retain ed bridg e replacin g 2 2, which has remained in place fo r seven years without de-cementing. the margins. Poor castings were common with this technique. Acrylic beads. 10 Acrylic beads (0.2-0.3 mm) were placed on the fit surface of the retainer wings, which were then duplicated in the casting to produce mechanical retention. Virginia salt tec hniqu e. 11 S alt crys tals (0.15 -0. 25 m m) were incorporated into wax and removed in solution leaving cubic retentive pits. This was a time saving method compared to the tech nique of etc hing. Th e evaluation of the retent ive su rfa ce w as e asier an d a greater choice of non-etchable metals could be used. A commercial product, Crystal B on d, w hich was a c ombination of salt and acrylic beads used to produce pits and retentive beads on the fit surface of retainers, was produced. All the above techniques required thickening of the retainers to incorporate the retentive system used, and were poorly retained at their margins due to the retentive feature stopping short of the retainer edges.
Micro-mechanical retentio n
Etching. This has been carried out by electrochemical 12 and chemical methods. 13 The electrochemical etching technique, developed at the University of Maryland, gave rise to the name 'Maryland Bridge'. The tiny etching pattern produced was verified by examination under a m icroscope to ensure it was adequate. Bond strengths were good, but difficulties in calculating times for electrochemical etching, the hazards of chemical etching, and producing uniform etch patterns, 14 led to the use of other methods. Sandblasting. This technique used 50 µ alumina to produce a roughened oxide layer over the surface ( Fi g u r e 3) . S a nd b las te d ba se metals have been shown to give higher bond strengths than etching or using salt particles, 15 especially when the metal used had an oxide coating and was used with a chemically active resin. 16 Chemical bonding Tin coating. 17 The fit surfaces were tin co ated elect ro chem ic ally. Noble metals were mainly used rather than non-precious alloys.
Little data was available to show success rates, and the technique wh en ap plied to sa n db las te d nickel-chrome failed to improve bond strengths when compared to sandblasting alone. 18 S i l a n e c o a t i n g . 1 9 S i l i c a w a s attached to metal surfaces by vaporising silane in a propane/ air flame, followed by a further coating of silane when the metal had cooled. Although promising, little clinical data is available.
Metals
Metals used in the construction of resin-retained bridges should possess the following qualities: Rigidity. Base metal alloys have higher rigidity and hardness than noble metal alloys. This makes them ideally suited to being used in thin section resulting in less bulky retainers. Possible disadvantages include greater wear of opposing natural teeth, difficulty in adjusting the finished metal, and the inability to burnish margins to optimise retainer fit. Accurate when cast. Noble metal alloys melt at lower temperatures than base metal alloys and therefore shrink less on cooling.
Biocompatible. Gold alloys are b io c om pa t ib le , wh ere as b as e allo ys suc h as nic kel-chrom e may cause hypersensi tivity reactions, 20 Beryllium was originally added to nickel-chrome as it produced a superior patter n when etching was employed. However it is no longer used due to its known carcinogenic potential, 21 and the availability of alternatives to etching. Good bonding to porcelain and res in . G o ld allo ys h ave b een shown to bond to porcelain well, but the greater thickness of oxides present following the heating of base meta l alloys can be more prone to fail cohesive ly, r e s u l t i n g in p o rce lain fracture.
Aesthetics. Base metal alloys may cause greyin g o f an terio r t eeth d u e t o m e t a l s h in ethrough, although this h as been redu ced to s om e de gree b y th e use of opaque cements. Low cost. Base metal alloys are cheaper than noble metal alloys, hence their widespread use. The original Rochette bridge was constructed from type IV gold, but t h e m a j o ri t y o f r e s i n -r e t a i n e d bridges made today use a beryllium-free nickel-chrome alloy as a superior material for frameworks.
Cements
Resin cements have been used for the cementation of resin-retained bridges to etc hed en am el sinc e Rochette cemented his periodontal splint using Sevriton (self-cured acrylic resin).
Acrylic resin had the following problems:
L ow c om p ress ive a n d t en sile strength. High solubility. Polymerisation shrinkage. Thermal expansion. These problems were largely overcome by the introduction of bis GMA type composite resins, used to cement the original Rochette bridges.
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PRIMARY DENTAL CARE JULY 2002 With new methods of increasing retention of frameworks came better composite resins with smaller filler particles, and better flow properties. The first true breakthrough was the developmen t of the adhesive 4-META (4-methacryloxyethyl trimellitate anhydride), which was incorporated into the dental cement Super Bond C & B. Although initially successful, it was found that the high bond strengths obtained d e c r e a s e d o v e r t i m e w h e n i mmerse d in water and following thermal cycling. 22 The development of Panavia-Ex, which contained phosphate monomers, led to predictable bonding, which overcame the problems of Super Bond C & B. Adhesion occ u r re d b e t w ee n t h e p h o s p h a t e group in the monomer and the oxide coating of the nickel-chrome, and also via mechanical bonding. 23 A st u d y 2 4 c a rried o u t wit h t h is cement showed that it may be possible to bond strongly to nickel chromium with little or no preparation of metal surfaces. This led to the introduction of sandblasting in combination with adhesive resin cements to retain bridges. This has since been validated in other studies, 15, 16 and has brought reliable bonding to resin-bonded bridges.
Panavia-Ex has since been superseded by Panavia 21 which is supplied as a two-paste system, unlike Panavia-Ex, which was a powder and liquid. It contains 10-methacryloyloxydecyl di-hydrogen phosphate which produces a strong bond to metal. Both types of Panavia are chemical-cured materials.
Advantages and Disadvantages of Resin-retained Bridges
Advantages
Conservative. Retention does not rely on conventional retentive features, so little if any tooth preparation is necessar y. When p r e p a r a t i o n i s r e q u i r e d , t h i s should be restricted to enamel.
Reversible 25 Creugers and Kayser (1992) 26 considered resin-retained bridges to be costeffective if their median survival was greater than 6.5 years.
Potential disadvantages More frequen t de-bon d when c o m p a r e d t o c o n v e n t i o n a l bridges.
Resin-retained bridges have an undeserved reputation for failure, partly brought about by poor bridge desi gn and cementati on t ec h n iqu e . If d e -c em en t at io n occurs, it is often easy to recement the same bridge. When multiple retainers are used, one retainer may de-bond leaving the bridge in situ. Plaque may trap underneath this de-bonded retainer, which can result in carious destruction if undetected ( Figure 4 ). This problem is not unique to resin-retained bridges. Te chnique sensitive. Res in-retained bridges require careful design and adequate isolation for cemen tation using rubber dam application. Aesthetics. Problems can occur w ith inc isa l s h in e-th ro u gh o f metal if an opaque cement is not used. An opaque cement lute may also be more visible. Retainers, if extending onto occlusal or incisal s urfa ces m ay a lso b e visib le. These can be masked by abrading the retainer surfaces with glass beads. The matt finish produced and lack of reflection makes the metal surfaces disappear into the darkness of the mouth. Redistribution of spa ce. When diastemas are present, or pontic space is too large or small, it is often difficult to distribute the space between pontic and abutment teeth. Cantilever or spring cantilever designs may be considered in these cases. Limited tooth replacement. Small spans tend to be more successful than larger ones. Temporisation/trial prosthesis is not usually possible. This prevents eva luation of aest hetics, g u id a n c e , a n d s p e e c h . W h e n bridges are temporarily cemented, re-preparation of both tooth and retainer fit surfaces is necessary. Dramatic failure. A partial denture can be made simultaneously to restore function if there is dramatic failure of the resin-retained bridge. Poor remuneration. This treatment can be well rewarded in the private sector, but remuneration is poor under the National Health Servi ce. This, combined with scepticism about success from many practitioners, has led to their limited use in general dental practice. on a but men t teeth sh ould be composite resin, and require replacement prior to taking the impressions for bridge construction. Sufficient, good quality enamel. Toothwear (Figur e 5a) , diminutive teeth (Figure 5b ) and certain abnormalities of enamel eg amelogenesis imperfecta, may reduce the quantity/ quality of enamel for bonding and therefore the strength of the adhesive bond. Sufficient inter-occlusal space for retainers exists. Lack of inter-occlusal space can be overcome by cementing restorations 'high' at an increased occlusal vertical dimension, similar to the appliance developed by Dahl. 27 Occlusal contacts between the remaining teeth are usually rest o red in a few m o n t hs in a y o u n g p a t i e n t a n d s l i g h t l y longer, 9-12 months, in an older patient. Bridges cemented this way spare enam el, have been shown to be well tolerated, and have good retention rates. 25 This is the preferred method of the authors, and is indicated in most clinical situations apart from: u Teeth with little periodontal support or increased mobility. Splaying of abutm ent teeth may occur, rather than int r u s i o n a n d c o m p e n s a t o r y e ru p tio n o f t he re m a in in g teeth. Rotation of abutments m ay o ccu r when ca ntilever bridges are cemented high on these teeth. u Patients with a large horizontal slide from their retruded contact position, to their intercuspal position. Posterior repositioning of the mandible may occur in these patients resulting in anterior guidance being lost. Luckily, these cases are rare in clinical practice. u 'Occ lu sally-aware' patient s.
Indications and Contra-indications
The harmony in some patients' mouths can be upset by the placement of high retainers. Again, these patients are rare.
Patients should be warned that chewing food may be difficult until tooth contacts are restored. Where a resin-retained bridge is an intermediate prosthesis (prior to implants). This is very useful during growth years when implants are contra-indicated. Patien t wishes. Som e patients are reluctant to have minimally restored teeth prepared.
Contra-indications
H e a v il y re s t o r e d t e e t h . T h is re d u c e s t h e a re a o f e n a m e l bonding. Little enamel to bond to. Despite the recent advances in dentine bo nd in g, on e s till p re fers t o bond mainly to enamel. Po or q ua lity en am el/f req uen t de-bonds. Tr a n sl u c e n t i n c is a l ed g e s o f ab u t m en t t e e t h . T h es e a llo w shine-through of metal retainers (Figur e 6) . This may be minimise d by the use of opaque cements. Excessive occlusal loading. Debonding may occur when occlusal contacts are prese nt on the pontics in excursive movements. Difficulty in isolation for cementation to achieve a dry field.
Bridge Design
There are three possible designs based on retainer type and connectors:
Cantilever ( Figure 7 ) Using a single retainer eliminates the problems of partial de-cement a tio n a s th e p a t ien t / de n t ist is instantly aware of bond failure! This may be seen as a disadvantage because of the dramatic failure. A careful occlusal analysis is required t o a vo i d h e a v y c o n t a c t o n t h e p on t ic , es pe cia lly o n e xc urs iv e movem ents, which could precipitate an early failure. A c a n t il e v e r b r id g e is l e s s expensive than a fixed-fixed resinreta in ed bridge, b ut lim ited to replac ing one missin g tooth. A diagnostic wax-up should reveal any contacts in excursive movements, which may cause either bond failure or tooth rotation. If orthodontic stability of teeth adjacent to the space is required, this design may be inappropriate. (Figure 8 ) With fixed-fixed bridges, one or more retainers are placed on either s id e o f t h e p o n t i c . D if f e re n t ia l movement of abutments can result in bond failure, but this can be reduced by making sure opposing teeth only contact retainer wings and not tooth tissue in excursive RESIN-RETAINED BRIDGES RE-VISITED. PART 1
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PRIMARY DENTAL CARE JULY 2002 contacts, thereby biting the abutments out of the retainer. Double abutments offer no advantages in terms of retention as the weaker abutment retainers are often put under shear forces causing debonding. This can make mainten a n c e d i f f i c u l t . L o n g s p a n s , e g r e p l a c i n g 2 1 1 2 u s i n g 3 3 a s te rm inal abutm ents, have been sh o wn to be s u cc es sf ul. 25 Th is design of bridge is indicated where excursive movements on pontics cannot be avoided, tooth stability is required following orthodontic movement, and lack of periodontal support could produce abutment movement.
Hybrid bridges (Figure 9)
This design has both resin-retained and conventional retainers. They are indicated where one of the abutments is minimally restored, and a resin-bonded retainer is used at this site to conserve tooth tissue. Laboratory bills are increased and care should be taken in the location of the connectors to ensure that drifting apart of the joint does not occur. The male part of the joint is often attached to the resin-bonded retainer to simplify mainten ance when de-bonds occur, as the resinretained part of the bridge invariably fails before the conventional retainer. It also enables optimal seating.
